Trans-Beringia taxa often present complex puzzles for taxonomists, a reflection of differing traditions and opinions, taxonomic approaches, and access to material from both sides of the Bering Strait. There is wide biological variation in perceived or circumscribed taxa whose populations are widespread within the regions and yet biogeographically isolated in Asia and/or America. The Claytonia arctica complex is one such example; it illustrates these issues well and has been dealt with by North American and Russian botanists in decidedly different ways. We reviewed specimens and examined the various taxonomic concepts of C. arctica through time and source publications. The relationships (alignments) among taxonomic concepts are presented in a graphical format. We found that much of the confusion related to C. arctica in Beringia stems from overlooking C. scammaniana Hultén sensu Hultén (1939) , and placing too much emphasis on the woody caudex and perennation structures, during the creation of two taxonomic concepts: C. arctica Adams sensu Porsild and C. porsildii Jurtzev sensu Yurtsev. The C. arctica complex (in our current sense) is an evolutionary work in progress, resulting in partially differentiated races with much overlapping variability and intergradation of characters (particularly in C. scammaniana according to our current sense) that have not reached the level of stability (i.e., individuals may still intergrade freely) usually associated with the concept of species in other arctic lineages. Innovation: Taxonomically intelligent data integration for a new Flora of Alaska." We are very grateful to Nico Franz for comprehensive review of and comments on the manuscript and to Bruce Bennett and Ian Jones for providing access to images of specimen collections from throughout the range of the Claytonia arctica complex.
It is impossible to fully understand the origin of Alaska's flora without knowing a great deal about floristic contributions from the Russian Arctic. Many plant taxa arrived in Alaska from northeastern continental Asia via the Bering Land Bridge while the Bering Strait and adjacent areas were exposed and glacierfree-the Beringian refugium-during successive intervals of continental Ice Age glaciation (Hultén, 1968; Elias et al., 1996; Ickert-Bond et al., 2009 Wen et al., 2010 Wen et al., , 2016 Graham, 2018) . During the Last Glacial Maximum (LGM) rapid climate change drove episodes of biotic expansion, interchange between Asia and America, isolation, diversification, and extinction on varying temporal and spatial scales. Boreal climates, landscapes, and vegetation changed repeatedly during the Pleistocene, affecting the movement of native taxa. These movements had large impacts on the genetic and taxonomic diversity of present-day flora and fauna (Tremblay & Schoen, 1999; Abbott et al., 2000; Hewitt, 2000; Abbott & Brochmann, 2003; Fedorov et al., 2003; Petit et al., 2003; Cook et al., 2005; Beatty & Provan, 2010) , producing in Beringia and beyond a biotically distinctive region.
Differing taxonomic views on the delimitation of trans-Beringia taxa have caused taxonomic controversies due to differing traditions and opinions, taxonomic approaches, and access to material from both sides of the Bering Strait, often combined with wide biological variation in taxa whose populations are widespread within Beringia, yet biogeographically isolated in either western Beringia (Russia) or eastern Beringia (Alaska and Yukon).
Note to reader: when a taxon name is mentioned without further specification of the source that would specify the meaning (i.e., sensu) to some degree, the name is being used in our "current preferred sense." Otherwise, if the meaning being discussed is clearly not ours or we wish to distinguish it from current use, we use or reuse "sensu," "sec.," or "according to."
One important example of a Beringian taxonomic puzzle is the plant genus Claytonia L. (spring beauty, Montiaceae). Species in Claytonia sect. Rhizomatosae A. Gray ex Poellnitz (1932) , with a rhizomatous habit, a stout fleshy caudex, and restricted to high northern latitudes (O'Quinn & Hufford, 2005) , have been particularly misunderstood ( Fig. 1 ): C. arctica Adams (1817), C. sarmentosa C. A. Mey. (Meyer, 1829) , and C. scammaniana Hultén (1939) are herein referred to as the C. arctica complex.
Claytonia sarmentosa is morphologically distinct from C. arctica sensu Adams and C. scammaniana sensu Hultén in both above and below-ground structures. Leaves of C. sarmentosa are broadly spatulate and characteristically tapered at the base (Miller & Chambers, 2006) . Vegetative reproduction is almost exclusively by stolons, which has been emphasized by Hultén (1939) as what distinguishes C. sarmentosa from C. arctica. We thus focus on C. arctica and C. scammaniana in most of our discussions.
There are three different traditions or approaches to delimiting the full taxonomic meaning or application of the name Claytonia arctica: a Russian approach championed by Volkova (1966) and Yurtsev (in Elven et al., 2011) and an American approach, based largely on the revisionary work of Miller (Miller, 2003; Miller & Chambers, 2006) . Yet another view is that of the Checklist of the Panarctic Flora (PAF), which takes both approaches into account and comes to a consensus for nomenclature of arctic Claytonia taxa (Elven et al., 1999 (Elven et al., , 2011 .
The PAF circumscribes species more broadly than done in most previous (and some current) Russian treatments but more narrowly than in some current North American treatments (Elven et al., 2011) . Species rank is applied for taxa differing more or less disjunctly from their assumed relatives in several (assumed) independently inherited characters, usually also with some (assumed) reproductive barriers toward their relatives. The reproductive isolation and absence of hybridization is in most cases based on circumstantial evidence, as very little factual evidence is available for the majority of arctic plants. One important feature of the PAF is that sympatric but morphologically nonoverlapping taxa are considered species rather than subspecies (which differs from many Flora of North America authors). Another difference is the fact that hybridogeneous taxa are considered species in their own right, and not as hybrids, when they have an independent reproduction and sometimes also an independent range (i.e., more than a "first" hybridization event or a hybrid swarm). This is the case both with hybridization products at the same ploidy level, where some stabilization is inferred to have taken place, and with documented or assumed allopolyploids, which are rather common in the Arctic (Brochmann et al., 2004) .
The difficulty of consistent identification of plants in this complex is a function of competing taxonomic theories (see above) that has resulted in many cases of renaming specimens via annotation labels. We document the frequency and nature of such switches in this paper. Alternative taxonomic perspectives on focal plant lineages can lead to the application of the same name for a different understanding of the circumscription of a taxon. These different uses are referred to as different taxonomic concepts (Berendsohn, 1995; Franz et al., 2008) . Cases where the same valid name is applied to different circumscriptions warn us that to accurately apply a taxonomic name to a specimen we must specify the context in which the name is used, e.g., Claytonia arctica Adams sensu (or sec.) Porsild (1974 Porsild ( /1975 . Ideally, the presentation of a taxon in a revision, flora, or monograph should include a history of the relevant taxonomic concepts used for names and synonyms, and how they relate to each other, which was executed in exemplary fashion in Weakley's Flora of the Southern and Mid-Atlantic States (Weakley, 2015) .
Since taxonomic circumscriptions are typically intended to delineate sets of biological traits as well as specimens or living individuals contained within a species, two such circumscribed sets can be related in five ways: identical, overlapping, not overlapping, and as a subset or superset (Franz et al., 2008) . Few revisions and floras include these taxonomic concept relationships, though some good examples exist: Koperski et al. (2000) , Franz and Cardona-Duque (2013) , Weakley (2015) , and the issue has been recognized by the biodiversity standards organization TDWG since 2005 (Taxonomic Names and Concepts Interest Group, 2006) . In this review of the Claytonia arctica complex, we present the relationships among relevant taxonomic concepts in a graphical way. Looking forward, we anticipate that including such outlines of taxonomic concept relationships will make taxonomic summaries, such as the new Flora of Alaska (,https://floraofalaska.org.), more useful to those trying to understand taxa and aggregate specimens.
MATERIALS AND METHODS

BERINGIA
Beringia stretches from Canada's Mackenzie River to northeastern Russia's Lena River and has served as a highlatitude glacial refugium and crossroad between continents. While Sushkin (1925) recognized the importance of this unique area, the term Beringia was coined by Hultén (1937) who noted the biogeographical significance of the connection. The Beringian flora was highly diverse during the LGM, with denser, more Asianinfluenced communities in the south, and sparse High Arctic communities in the north (Young, 1982) . East-west exchange has been characterized as asymmetric (Hopkins, 1979) with most taxa originating in northeastern Asia and moving to North America (Wen et al., 2010 (Wen et al., , 2016 . Asymmetric dispersal was generated during glacial maxima by Beringia's western border in Siberia, which permitted Asian species to colonize Western Beringian topography allowed cold and glacial continental conditions to develop slightly earlier and more intensively than in the mountainous terrain of northwestern North America (Graham, 2018) . The Coriolis effect also directs winds from west to east and enhanced the preferential exchange of propagules from western Beringia across the Bering Land Bridge (Gal-Chen, 1984) . In contrast, eastern Beringia (Alaska and Yukon) was effectively isolated from the rest of North America by the Laurentide Ice Sheet (Pielou, 1991) . Beringia is therefore key to understanding postglacial dynamics within and among species in Alaska and the Russian Far East. Now, the flora of Beringia is on the move again, this time due to rapid anthropogenic climate change (Parmesan & Yohe, 2003; Wilmking et al., 2004; Juday et al., 2015; Phoenix & Bjerke, 2016) .
THE CLAYTONIA ARCTICA COMPLEX Hultén suggested that the post-glacial flora of Alaska has been associated with particular patterns of migration from Pleistocene refugia (Hultén, 1937) , and in particular that Claytonia arctica, C. acutifolia Pall. ex Willd., and C. tuberosa Pall. ex Willd. in the sense of Hultén (1937) survived in northern Beringia coastal refugia, while C. sarmentosa (sensu Hultén) survived in a southern Beringian refugium. Sequence variation of the nuclear ribosomal internal transcribed spacer region (nrITS) and plastid genic region trnK/ matK was extremely low within the Beringian species of sections Claytonia and Rhizomatosae (O'Quinn & Hufford, 2005), reflecting either low rates of sequence divergence within the markers used or recent divergence. Further support for a recent divergence comes from divergence time estimation based on the plastid ycf3-trnS intergenic spacer, which estimated section Rhizomatosae (including C. arctica, C. scammaniana, C. sarmentosa, and others according to Hultén, 1937) to have diverged from section Claytonia ca. 3.62 million years ago (Ma) (Jeffers, 2015) during the Pleistocene. A northward migration for Beringian species of section Rhizomatosae from low latitudes in North America was proposed by O'Quinn and Hufford (2005) based on the findings of a southern and a derived northern clade within section Rhizomatosae, albeit weakly supported. A more thorough analysis of sequence variation in the C. arctica complex is needed to address biogeographical scenarios in detail.
Claytonia is easily identified by its five showy petals, two sepalous bracts, two opposite cauline leaves, and often a basal rosette of leaves (Fig. 2) . The genus is well represented in Alaska, but despite its charismatic appearance and long history of collection, there is much confusion around species delineation in the C. arctica complex. Porsild (1974 Porsild ( /1975 ) commented on the status of C. arctica in North America as he understood the species in his publication Materials for a Flora of Central Yukon Territory. While reviewing the specimens his brother Robert had collected along the Dempster Highway in Yukon (R. T. Porsild 477), there was one that he determined as C. arctica and for which he provided a photo ( Fig. 3 , Appendix 1). He then cited three Alaska specimens at the Canadian Museum of Nature (CAN) from the Brooks Range that were also his C. arctica (R. D. & M. Wood 341, L. A. Spetzman 784, L. A. Spetzman 1878). His view was that C. arctica had been confused with C. sarmentosa. Next, he noted that the Seeman (1852) illustration of C. sarmentosa from Cape Lisburne, Alaska, was clearly not that species but C. arctica. Hultén (1927) provided a photo of a specimen from Kamchatka that he determined as C. arctica. Whereas Hultén (1968) showed C. arctica in the Pribilof Islands and the Aleutian Islands, it is interesting that Volkova (1966) excluded those localities from her treatment of the species for the Flora of the Russian Arctic, which includes comments on distribution in the "foreign Arctic."
TALLYING SPECIMEN DETERMINATIONS
In order to quantify the variation in names given to specimens of plants in the Claytonia arctica complex, we recorded all of the determinations for a representative subset of collections. Determinations included both the original label determination and all subsequent annotations (on "det. slips"). The set examined comprised 91 specimens at ALA that are currently identified as C. arctica and C. scammaniana, plus three specimens from ISC and 11 specimens from CAN including the specimens Porsild called C. arctica (Fig. 4 , Appendix 2).
ALIGNING TAXONOMIC CONCEPT RELATIONSHIPS
While the idea of variation in the circumscription of taxa among different authors is well known to working taxonomists, the relationships among the different circumscriptions is usually only described (1) when there is a change of name, and (2) by using the general term "synonym," sometimes with the modifiers "heterotypic" or "homotypic." Taxonomic concept mapping, or alignment, aims to make the relationships among circumscriptions more explicit, using the language of mathematical set relationships (Gradstein et al., 2001; Franz et al., 2008; Franz & Peet, 2009 ). Generating these set relationships requires a careful Volume 104, Number 3 examination of the primary taxonomic literature for a taxon and a method for recording how different taxonomic concepts overlap.
Some authors have used a table-based approach to display the alignments of different taxonomic concepts (Gradstein et al., 2001; Franz et al., 2008; Weakley & Peet, 2010) . Table cells are "Least Divisible Taxonomic Units" (Weakley, 2009) , and rows contain the various taxonomic concepts examined in a single publication. The taxonomic concepts in other publications are placed on other rows, with corresponding taxonomic concepts aligned vertically. The set relationships between any two taxonomic concepts (same as, includes, overlaps, disjunct) can then be easily inferred, "by hand" or automatically (Webb, 2018) .
While this tabular approach is a simple and elegant solution for displaying taxonomic concept relationships, we feel it is not the best method for recording the relationships while reading source publications because using a table forces the researcher to indicate set relationships for which there may be no evidence. For example, in the simple case where there has been no change in name between the original author of a taxon and a subsequent reviser it is most likely incorrect to infer and indicate an exact alignment between the original and revised circumscriptions. Usually a circumscription will be more information-rich as more variation is encountered, meaning that the most appropriate representation is that the reviser's circumscription includes the original taxonomic concept, but is not exactly congruent with it. On the other hand, a revised taxonomic concept can be more reflective of the full range of (say) phenotypic variation of a focal concept, and thus overlap with a previous one using the same taxonomic name (N. Franz, pers. comm.) .
As well, there is often little or no discussion of the circumscription of taxa in non-monographic publications (e.g., floras), meaning that the only statement that can be made with confidence is that two taxonomic concepts simply intersect (i.e., are not disjunct). Finally, when arranging concepts in a table, implicit alignments (set relationships) must be made between concepts on different rows even when no explicit comparison of these concepts exists in the literature. While logic may support these implicit alignments (e.g., if taxonomic concept A includes B, and B includes C, then A must also include C), in other cases there the inference of transitivity for specimens assigned to multiple concepts is less precise (e.g., if A overlaps with B, and B overlaps with C, the relationship between A and C could be inclusive, overlapping, or even disjunct).
For these reasons, we used an alternative method, simply recording the taxonomic concept relationships that meet a threshold of explicitness and precision that we deem generally acceptable. The steps involved were:
(1) record all relevant names, publications, and specimens in three data tables in a spreadsheet; (2) create taxonomic concepts in a fourth table, linking a name with the publication it is discussed in; (3) in a fifth table, record one of six possible set relationships among some of the pairs of taxonomic concepts (congruent with, includes, included in, overlaps, intersects, disjunct), indicating also the publication in which those relationships were discussed or from which they were inferred; and (4) in a sixth table, document the taxonomic concept applied during the identification of key specimens.
This recording process is similar to that facilitated by the software applications TaxLink (Gradstein et al., 2001) and ConceptMapper (Liu et al., 2006) . Chains of relationships among taxonomic concepts can then be displayed as graphs (see Fig. 5 ), similar to those shown in Franz et al. (2016) . These graphical chains are also an analogous representation to the taxonomic concept relationships expressed as mathematical symbols ("." includes, "," is included in, ". ," overlaps with, "5 5" is congruent with, "|" is disjunct with) in the text of Weakley's (2015) flora. The identification of specimens to particular taxonomic concepts can also be displayed in the same diagram.
RESULTS
MORPHOLOGY
Claytonia arctica in our currently used sense is a mainly northeastern Asian element with only a few populations in Alaska: Aleutian Islands, St. Lawrence Island in the Bering Sea, and on the mainland at Tin City Long Range Radar Site, Seward Peninsula (R. Lipkin 96-21, ALA). These plants have a particularly welldeveloped woody base up to a centimeter in width, from which several (seven to 10) flowering stems emerge ( Fig.  2A, B) , that separates it from the other two species native to Alaska (Fig. 6) . Volkova (1964) noted that as early as 1831 specimens of Claytonia sarmentosa from Kamchatka, the Bering Strait region, and North America, determined as C. arctica, can also have a distinct woody base, but neither consistently nor as well developed as in C. arctica. She noted that Hultén (1944) distinguished the two species on the basis of stolons at the base of C. sarmentosa stems and the absence of stolons in the case of C. arctica. Inasmuch as the stolons are brittle they are often lacking in herbarium specimens of C. sarmentosa. She added that C. arctica typically has a basal rosette of leaves, whereas C. sarmentosa typically does not. Claytonia sarmentosa in our present sense is widespread in Siberia, Alaska, the Yukon, and south to northern British Columbia. It also has been reported from the Bering Sea islands.
Claytonia scammaniana as described by Hultén (1939) is endemic to Alaska and Yukon and has long been a source of errors. It can be distinguished from C. sarmentosa by its narrow leaves and brownish, woody rhizome (Miller & Chambers, 2006 ; Fig. 2C, D) . Claytonia scammaniana is characterized by large flowers with a pink tinge, which also sets it apart from the entirely yellow/cream flower of C. arctica (Fig. 2C, D) . But there is much more variation than is seen in the type collection of C. scammaniana (Hultén, 1939) .
Having reviewed Claytonia arctica-labeled specimens at LE in St. Petersburg, including type material, and some excellent specimens from St. Lawrence Island, it is clear that the plant illustrated in Porsild (1974 Porsild ( /1975 fig. 3 ) is not C. arctica sensu Adams. It appeared to be an undescribed species, which is what B. A. Yurtsev concluded. He published the name C. porsildii Jurtzev (Yurtsev, 1981) on the basis of that photo (Fig. 3) . But not having seen the specimens cited by Porsild, he had to assume that all those specimens cited in the text as examples of C. arctica sensu Porsild were the same. They are not (in the current prevailing view); they are C. scammaniana. Therefore, the basis for the name C. porsildii is a single specimen along the Dempster Highway in the Yukon: the holotype (Fig. 3) . That is not to say there are not others like it, for we have found several at ALA (Appendix 1), but following Miller and Chambers (2006) , who included material of C. porsildii under C. scammaniana, we also consider these plants C. scammaniana, but as edaphic extremes often associated with unstable scree slopes as found in the Talkeetna and Hayes Quadrangles in Alaska. These plants have a less-branched or unbranched rhizome, the stipules are extremely expanded, the leaves have very Figure 5 . Diagram showing the relationships among taxonomic concepts in the Claytonia arctica complex, and determinations of selected key specimens. Taxonomic concepts are indicated by ovals, and the set relationships among them by the text in quotation marks above the solid line and arrow connecting them. Key specimens are indicated by rectangles on the right, and their various determinations to taxonomic concepts by dotted lines. The year in parentheses above the dotted line gives the year of the determination. Taxonomic concept labels are the species epithet (all in Claytonia) plus a sensu code: "PAF": Elven et al., 2011; "M&C": Miller & Chambers, 2006; "Hultén 1939 ": Hultén, 1939 "Yurtsev": Yurtsev, 1981; "Porsild": Porsild, 1974 "Adams": Adams, 1817; "Meyer": Meyer, 1829; "Ledeb.": Ledebour, 1844 . Specimen codes are: "Porsild 477": R. T. Porsild 477 (CAN-303416); "Seemann CL": Seemann s.n. from Cape Lisburne; "Scamman 749": E. Scamman 749 (GH-12291); "Pribilof?": lectotype, unknown collector and location, probably Pribilof Islands (see Miller & Chambers, 2006) ; "St. Lawrence Isl.": M. L. Carlson 2012-218 (ALA-V173525). Note that this diagram does not display the complete set of alignments we recorded, and so from the point of view of logical reasoning is not self-contained. long petioles, and the inflorescence has more numerous flowers (Fig. 3) . The plant illustrated by Seeman from Cape Lisburne, Alaska, is also C. scammaniana, and the plants in plate 2 of Hultén (1927) are not C. arctica but probably C. sarmentosa.
SPECIMEN DETERMINATIONS
For the 105 Claytonia arctica and C. scammaniana specimens examined, there were a total of 261 determinations. The ranges of years that different names were applied are: C. arctica 1903-2012; C. arctica sensu Porsild 1953 Porsild -1980 C. sarmentosa 1948 -1983 C. porsildii 1970 -2003 C. scamanniana 1935 and Montia scamanniana 1976 (Fig. 7) . Three quarters of the specimens (79 specimens) were determined consistently (i.e., to the same taxonomic name) each time there was an annotation, while a quarter of specimens were renamed two, or even three times (Fig. 4, Appendix 2) , indicating either the difficulty in identifying members of this species complex or the changes in underlying taxonomic theory about the complex. TAXONOMIC CONCEPT MAPPING Using the method described above, taxon names, publications, and key specimens were entered into data tables. Publications included original descriptions, revisions, and floras: Adams, 1817; Meyer, 1829; Ledebour, 1844; Seemann, 1852; Hultén, 1939 Hultén, , 1944 Welsh, 1968; Porsild, 1974 Porsild, /1975 Welsh, 1974; Yurtsev, 1981; Cody, 2000; Miller and Chambers, 2006; Elven et al., 2011 as the PAF. For each name, taxonomic concepts were isolated (i.e., name sensu taxonomic concept labels were created), and the relationships among concepts were established based on the taxonomic commentaries associated with the applications of names. The identification of key specimens to various taxonomic concepts was also recorded. All specimens in the C. arctica complex mapped according to our own current taxonomic concepts (see also Fig. 5 for more details). Maps were created using RgoogleMaps package in R version 3.5.1 (Loecher & Ropkins, 2015) . Figure 5 shows the taxonomic concept relationships and specimen determinations for an informative subset of taxonomic concepts, displaying in a condensed fashion the following taxonomic decisions (among several others). (1) In 1974, Alf Erling Porsild extended the geographic range of Claytonia arctica from East Asia to include his brother's collection R. T. Porsild 477 (Fig. 3) in the Ogilvie Mountains of Canada (and others from the Brooks Range of Alaska). (2) In 1981, Boris Yurtsev then removed the Canadian Ogilvie collection and those cited from the Brooks Range in Alaska from C. arctica, placing them in a new species, C. porsildii. The taxonomic concept C. porsildii sensu Yurtsev (1981) is therefore included in C. arctica sensu Porsild (1974 Porsild ( / 1975 
DISCUSSION
There are several challenges in studying highlatitude plants, such as the Claytonia arctica complex, resulting from frequent hybridization, reticulate evolution via genome doubling (polyploidy), inbreeding/ asexuality, and the occurrence of widespread species with complex morphological variation (Brochmann et al., 2013) . Both temporal and spatial biases in collecting arctic herbarium specimens are well documented (Bay et al., 2017; Väre, 2017; Panchen et al., 2019) . During exploration of the state of Alaska and Beringia, sampling was sparse and insufficient ( Fig. 7) to evaluate accurately variation and distinguish morphological discontinuities from continuous variation. Consequently, these gaps in knowledge are likely to generate conflicting taxonomic concepts (Fig. 6 ). Access to Russian Far East specimens for North American researchers is particularly restricted and digitization of these specimens has lagged behind those from Alaska and Canada (but see Ivanova & Shashkov, 2017) .
Specimens showing phenotypic variation and many intermediate forms did not reach the herbarium until after Porsild's Claytonia arctica concept (1974 ) or Yurtsev's C. porsildii (1981 concept. In fact, 55 out of 105 specimens of C. arctica and C. scammaniana at ALA were collected after 1980 (Fig. 7) . Not only were there few collections made prior to 1980, specimens from ALA were seldom included in revisionary work in the early 1980s. Overemphasis of perennation structures and their plasticity adds notorious complexities to the taxonomy of Claytonia (Volkova, 1964; O'Quinn, 2005; Miller & Chambers, 2006) and has led to confusion and misidentifications. The majority of arctic plant species reproduce both sexually and asexually (Murray, 1987; Brochmann & Steen, 1999) , and arctic biomes are shaped by a diversity of life history traits reflecting perennial strategies and clonal growth, enabling plants to survive interannual climatic fluctuations (Jónsdóttir, 2011; Brochmann et al., 2013) . The plasticity of underground perennation structures (such as rhizomes and stolons) enabling clonal growth in the C. arctica complex add further complexities to studying herbarium specimens. Botanists often fail to collect underground parts and thus structures of key taxonomic importance are often lacking or are incompletely known from a particular specimen; consequently, specimens might be misidentified.
OUR PRESENT UNDERSTANDING OF THE DISTRIBUTIONS AND
MORPHOLOGIES IN THE CLAYTONIA ARCTICA COMPLEX
While Claytonia arctica occurs widespread in the Russian Far East (e.g., Taimyr, Siberia, Chukotka, Kamchatka, and Wrangel Island; Miller & Chambers, 2006; Carlson et al., 2018) , in Alaska it is restricted to few populations along the Aleutian Islands (Agattu, Amchitka, Atka, and Kiska; Garroutte et al., 2018; Jones, pers. comm.) , those on St. Lawrence Island (Miller & Chambers, 2006; Carlson et al., 2018) , as well as a single population on the northwestern tip of the Seward Peninsula (R. Lipkin 96-21, Fig. 6 ; Nawrocki et al., 2013) . Morphologically, C. arctica does indeed have a particularly well-developed woody base from which several flowering stems emerge, and C. scammaniana can also have distinct woody bases, but neither consistently nor as well developed as in C. arctica (Fig. 2 ). There is a gradual variation in this trait. Petals in C. arctica are all white, while becoming yellow at the base or entirely yellow/cream, never pink or pink-tinged as those of C. scammaniana (Fig. 2) .
Claytonia scammaniana is restricted to North America, but contrary to Hultén (1939) , who discussed C. scammaniana in his sense as "an endemic of the unglaciated central parts of Alaska," in the present sense there are several populations known from Canada (in the Kluane Range and Ogilvie, Richardson, Barn, and British Mountains of the Yukon Territory, Figs. 3, 6; Appendix 1; Cody, 2000; Yukon Conservation Data Centre, 2019) . The species generally has large single flowers with a pink tinge and linear to oblong to narrowly spatulate leaves, but there is much more variation found throughout its range than is seen in the type collection of C. scammaniana from Porcupine Dome in Central Alaska (Hultén, 1939 ). The unique morphologies described under the northwestern North American C. porsildii (Yurtsev, 1981) have been uniformly annotated as C. scammaniana by Miller and are included in synonymy under C. scammaniana by Miller and Chambers (2006) . These plants (Fig. 3) have a less-branched or unbranched rhizome, the stipules are extremely expanded, the leaves have very long petioles, and the inflorescence tends to be racemose with numerous flowers as compared to specimens from the locus classicus in Central Alaska ( fig. 1 in Hultén, 1939) .
We think these extreme phenotypes could represent edaphic extremes often associated with unstable scree slopes based on review of ALA specimens (Appendix 1). Parker (1989) in her review of talus and block slope assemblages in the Alaska Range listed Claytonia scammaniana as a member of group 2 (5 block slope and talus plants) having a distinct but thin taproot and a moderately to highly branched, spreading shoot often becoming pseudo-rhizomatous. In particular, C. scammaniana is cited to be more commonly found in barren sites, while others in this group are found in a diversity of alpine habitats (Parker, 1989) .
Microtopography and periglacial processes strongly affect distribution of snow, drainage, active soil depths, and other soil processes that can create steep gradients in ecological conditions in the Arctic (e.g., Webber, 1978; Aleksandrova, 1988; Bliss, 1997) . Reduced productivity due to late snowmelt and shorter growing seasons in deep snow beds and water logging and anoxic conditions in basins with permafrost contribute to the myriad of ecological conditions in arctic environments (Jónsdóttir, 2011) that result in plasticity of trait-habitat relationships in the Claytonia arctica complex. Whether the extreme phenotypes seen in C. scammaniana are a manifestation of the habitat association with scree slopes and warrant subspecific or specific status will need a closer examination using genetic molecular tools in combination with a suitable species concept. Similarly, the profusely purple-flowering, spatulate-leaved specimens of C. scammaniana from serpentine barrens in the De Long Mountains, Brooks Range, in Noatak National Preserve (Appendix 1), appear morphologically distinct and warrant further phylogenetic investigation using molecular sequencing.
Claytonia sarmentosa has long been a source of problems and is morphologically distinct lacking a stout caudex and fleshy rhizomes, but possessing stolons, which C. arctica and C. scammaniana lack (see fig. 41 in Miller & Chambers, 2006; Nawrocki et al., 2013 ). Yet we have seen variable character expression of the aforementioned character in some C. sarmentosa specimens at ALA. Further genetic analysis may yet reveal that C. sarmentosa (strictly speaking: in our current sense) is also an element of the C. arctica complex.
PROMOTING TAXONOMIC CONCEPT MAPPINGS
The inclusion of taxonomic concepts and their relationships in a review or flora is helpful to anyone trying to understand the historical applications of names, for example during the compilation of specimen records for distribution mapping (Fig. 6) . The taxonomic concept relationships can be presented graphically, as in Figure 5 , or as symbols in text, as in Weakley (2015) . Figure 5 contains these text statements: We suggest that the graphical representation is easier to comprehend for a majority of users, especially where many concepts are involved. An additional value of presenting taxonomic concept information is that if an accepted name in a flora is associated with a complex network of preceding taxonomic concept relationships, a user should be alerted to the potential difficulty of correctly applying that name to specimens or plants in the field. Beyond its benefits to users of floras, documentation of taxonomic concept relationships permits subsequent analysis of alternative taxonomies using logical reasoning software such as Euler/X (Chen et al., 2014; Franz et al., 2016) .
IMPROVING CONSERVATION OF NATURAL RESOURCES
Globally Claytonia arctica is considered rare (G3) and local throughout its range (21 to 100 occurrences), while the state ranking is S1S2 with typically five to 10 or fewer occurrences (NatureServe Database cited in Nawrocki et al., 2013) . The scarcity of sites in North America for "true" C. arctica necessitates consideration by federal authorities under the United States Endangered Species Act and C. arctica should be considered as a candidate endangered species by both the federal government and the state of Alaska (Miller & Chambers, 2006; Nawrocki et al., 2013) . While C. scammaniana is known from numerous localities and many individuals per population in Alaska, the species is ranked as vulnerable (N3) in Canada and (S3) in the Yukon Territory where distributions are restricted from the Kluane Range to the Tatchun Hills and Ddhaw Ghro, north to the southern and northern Richardson Mountains and the Barn, British, and Ogilvie ranges. It was first ranked in March 1989 and last reviewed in August 2015 (Yukon Conservation Data Centre, 2019). We hope that future phylogenetic work in the C. arctica complex will aid in evaluating the status of C. arctica and C. scammaniana, as it is clear that knowledge of phylogenetic relationships can inform conservation priorities (Faith, 1992; Pérez-Losada et al., 2009 ).
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